Abstract. On the basis of regional and global stratigraphic analyses, we outline the major events in the geologic history of Venus determined by photogeological study of surface features. Because the morphological signatures of terrain emplaced prior to the time of tessera formation are not preserved, the stratigraphic record presented comprises only the last 10-20% of the total history of Venus. The estimated range of the mean crater retention age of the surface (from -200 to 1600 million years) leads us to describe the timing and duration of different events in terms of fractions of the mean surface age T. The beginning of the observed history of Venus was characterized by intensive tectonic deformation of global or semi-global scale which formed the tessera terrain. Termination of the compressional stage is estimated to have occurred at about 1.4T while the tensional stage lasted for another 0.1-0.2T. After tessera formation, several stages of extensive volcanism occurred, burying vast areas of tessera and forming what are now observed as regional plains. The combined duration of the emplacement of these plains is estimated to be about 0.2-0.3T, with an implied average global rate of volcanism of a few cubic kilometers per year. Regional plains-forming matedhals can be subdivided and are separated from each other, and from underlying and overlying units, by unconformities. These unconformities are formed, from oldest to youngest, by tessera-forming deformation, dense fracturing, broad ridging, and, finally, wrinkle ridging. These tectonic episodes are interpreted to be generally globally synchronous and to represent successive episodes characterized by the dominance of compression, then tension, then again compression, and, finally, tension. The last global-scale tectonic episode, extensive wrinkle ridging, happened at about time T, which was very close in time to the emplacement of the most areally abundant plains unit. This marked the transition to the present stage of the history of Venus, which is characterized by a predominance of regional rifting and related volcanism. This stage appears to have lasted from about time T to the present, making it the longest time duration among the stratigraphic units considered, although the resulting tectonic and volcanic features and deposits cover only 10-20% of the surface of Venus. These observations mean that the general intensity of tectonics and the flux of volcanism (a few tenths of a cubic kilometer per year) in this latest period were much lower than those in earlier times. In summary, the morphologically observable part of the history of Venus was characterized by two key characteristics that stand in contrast to the comparable period of Earth history (approximately the Phanerozoic) when global geodynamic processes were dominated by plate tectonics: (1) Venus shows no signature of plate tectonics; instead, its global tectonic environment passed from an initial dominance of compression, through tension, then again compression, and finally tension, with the density of deformational structures and the strain rate declining with time. (2) In the beginning of this period of time on Venus, plains-forming volcanism occurred at a rate comparable to volcanism at midocean ridges but was emplaced in an entirely different style. The predominant component of volcanism on Earth during this time was the extrusive volcanism at mid-oceanic ridges. For the last few hundred million years, Venus has been dominated primarily by dhft-associated volcanism emplaced at a production rate comparable to or even lower than present intraplate volcanism production rates on Earth.
Earth. Instead of a bimodal distribution of ages (e.g., equivalent of continents and seafloor, or lunar highlands and maria) Magellan images showed a relatively young surface (a few hundred million years old)with only about 1000 impact craters over the entire planet. Even more surprisingly, the areal distribution of impact craters was found to be indistinguishable from a random one [Phillips et al., 1992 While crater density is often used as a practical tool for siteto-site stratigraphic correlations in studies of other planetary bodies, in the case of Venus only the globally averaged age of the unit can be estimated because of the small number of craters. The question of whether a specific area is part of some rock stratigraphic unit seen elsewhere cannot be judged solely on the basis of crater density. Some alternate criteria are needed in order to assemble different local areas into global stratigraphic units. As is the case on other planets and satellites, these criteria can be developed through photogeologic mapping and stratigraphic studies, which are a goal of numerous ongoing mapping projects for Venus [Tanaka, 1994; Tanaka et The first goal of this paper is to consider the published age estimates in the context of this global stratigraphic model in order to further test the model. The second goal is to use the stratigraphy as a tool to summarize a scenario for the geologic history of Venus that is consistent with crater density esimates and other crater-based evidence for the duration of various geologic processes and events.
Model of Regional and Global Stratigraphy
In earlier studies we analyzed 36 random 1000 x 1000 km areas with the goal of defining local stratigraphic units, determining their sequences, and attempting to correlate these local sequences into a model of regional and global stratigraphy Head, 1994, 1995a,b,c] . We then tested this model by mapping several new areas [Basilevsky, 1995 [Basilevsky, , 1997 Basilevsky and Head, 1995c ] including individual 1:5,000,000 (l:5M) quadrangles [Basilevsky, 1996a; Head and Ivanov, 1996] and several larger regions [Basilevsky and Head, 1996a; Basilevsky et al., 1997b; Ivanov and Head, 1997a,b] . These studies allowed the assessment and testing of the applicability of the model over approximately 30% of the surface of Venus and to update it adding new stratigraphic units and subdividing some earlier identified units into subunits. The following is the model of regional and global stratigraphy of Venus which will be analyzed and used for the subsequent consideration of absolute age estimates. It considers the surface materials observed on the Magellan images as representing six rock-stratigraphic units which we ranked as groups (Figure 1 ).
Fortuna Group
The oldest unit, the Fortuna Group includes the material(s) of tessera terrain (Tt) whose blocks stand over the surrounding plains and cover about 8% of the surface of Venus [Ivanov and Head, 1996]. Tessera morphology is dominated by intersecting systems of ridges and grooves of tectonic origin (Figure 2 ). This tectonic deformation typically does not extend into the surrounding plains, and this makes the embayment of tessera by these plains very evident. The stratigraphic rank of tessera is not clear. Depending on whether its material was emplaced within a certain relatively short time period or is an assemblage of materials formed at essentially different times, the Fortuna Group may be equivalent in stratigraphic rank to the majority of the overlying groups or it may be a kind of analog of the Precambrian assemblage of the basement of some continental platforms of Earth. . However, almost all workers use the terms "tessera," "ridge belts," "shield plains," "lobate plains," "smooth plains," etc. Although some units are lumped together and not subdivided, and in some cases features (e.g., ridge belts) are considered part of a larger unit which in our mapping we see subdivided on the basis of stratigraphic relations, we detected no contradictions to our general stratigraphic sequence. In summary, there is a correspondence of the units of other mappers to our units, and this supports the general stratigraphic sequence. Although this mapping involved five different workers, each with different backgrounds and approaches, the stratigraphic sequences were essentially the same across the 30% of the planet analyzed. Furthermore, the major stratigraphic units could be traced laterally and continuously throughout the entire region. This consistency within this very large region supports the broad quasi-synchroneity of the proposed stratigraphic units and their separation by regional to global deformational episodes. If nonsynchroneity were the case (Figure 14) , and Rusalka-type wrinkle ridging in one region were contemporaneous with Fortunian-type tesserization in a second region and to Lavinian-type broad ridging in a third region, the inevitable consequence of this nonsynchroneity should be a violation of the proposed sequence of stratigraphic units. In this case we should see not only embayment of tessera by the Pfr and Pwr (which we do see on account of local unconformable relationships (Figures 2, 4 , and 6)) but also tesserization of the Pfr and Pwr (which we do not see).
Synchroneity of Stratigraphic Units
We conclude that these analyses support the proposed stratigraphic sequence for a significant (-30%) part of the surface of Venus. Further tests of the proposed sequence will come with the completion of synoptic (l:5M to l:10M) geologic mapping of the planet. However, the good agreement of the proposed model with numerous studies over a significant part of the planet encourages us to utilize it to assess the existing estimates of absolute ages of different geologic units in order to work toward a better understanding of the geologic history of Venus. In • attempt to address this problem, we first studied photogeologically the large region surrounding the 6800-kmlong lava channel Baltis Vallis, which comprises about 5% of the surface of Venus. This channel is considered to be formed geologically instantaneously [Kargel et al., 1994] , thus making it an ideal stratigraphic marker. We first considered the age relations among various stratigraphic units themselves in different parts of this region, and we then considered their age
Absolute Age Estimates
The duration of the morphologically distinguishable part of the geological history of Venus is estimated on the basis of impact crater densities and is the subject of continuing debate. Because none of about 80 craters observed on tessera show evidence of early tessera-forming compressional deformation, and only seven craters are overprinted by later tessera-forming tensional deformation, one may conclude that the tesseraforming deformation ceased within a relatively short time period: less than 1/80 of the tessera age (about 0.01T) for the compressional stage and within about 7/80 of the tessera age (about 0.1-0.2T) for the tensional stage [Gilmore et al., 1997] . This also has two implications: (1) that the termination of the compressional stage of tessera-forming deformation was the starting point of the accumulation of the on-tessera crater population, and (2) that during the subsequent tensional phase of tessera formation, craters were mostly mildly deformed and not completely wiped out. Thus the estimated age value of the tessera surface apparently dates the termination of the compressional stage but not the end of the tessera-forming process.
Regional Plains
As was described above, the average age of the surface of Venus (T) is apparently a reasonable estimate of the age of the Rusalkian plains. Using this observation, combined with estimates of the age of the tessera, one may approximately estimate the combined time duration of the emplacement of Sigrunian, Lavinian, and Rusalkian volcanic plains (Figure 1) . As was discussed above, the average surface age of tessera, which apparently dates the termination of the compressional stage, is somewhere between 1.01T and After tessera formation, several stages of extensive volcanism occurred (Figures 1 and 15 Plains-forming materials of the Sigrunian, Lavinian, and Rusalkian Groups are separated from each other, from the underlying Fortunian Group, and from the overlying Atlian and Aurelian Groups, by unconformities formed by tessera-forming deformation, Pdf-type dense fracturing, Pfr/RB-type broad ridging, and finally, wrinkle ridging (Figures 1 and 15 ). These tectonic episodes had to be generally synchronous in different areas of Venus because otherwise, multiple violations of the described stratigraphic sequence would be observed ( Figure  14) , and this is not the case. This also means that in the part of the geologic history of Venus presently exposed, there were episodes characterized by the dominance of compression, then tension, then again compression, and finally tension [Head and Basilevsky, 1998 The upper part of this recent stage of the history of Venus (Figures 1 and 15) is the Aurelian period, which started at about 0.1T and continues up until the present. Its defining characteristic, a preservation of crater-associated radar-dark parabolas, simply reflects a certain level of reworking of the surface by eolian processes . In the sense of tectonic and volcanic processes, it is apparently just a continuation of the Atlian period. Finally, documented cases of rifting and volcanism postdating the dark parabolas [Basilevsky, 1993] show that Venus may be endogenically active at the low level characteristic of the Atlian even today.
Conclusions
The considerations stated above demonstrate that the morphologically observable part of the geologic history of Venus (Figures 1 and 15) then again compression, and finally tension (Figure 15 ). In addition, the density of the deformational structures and probably the strain rate [Grimm, 1994] were definitely declining with time.
The predominant component of volcanism on Earth during this time period was extrusive volcanism at mid-oceanic ridges, characterized by a somewhat variable, but generally stable production rate on a global scale. Subduction zone volcanism and intraplate volcanism played a subordinate role. For some short periods of time the formation of large igneous provinces dominated intraplate volcanism and the global production rate [Larson, 1991;  Coffin and Eldholm, 1994; Head and Coffin, 1997] . In the beginning of that same period of time, Venus was characterized by the emplacement of plains-forming volcanism at a rate comparable to terrestrial volcanism at mid-ocean ridges (but in a much different, nonplate tectonics style), while for the last few hundred million years, Venus was dominated primarily by rift-associated volcanism emplaced at a production rate comparable to or even lower than than that of present intraplate volcanism on Earth.
In summary, this geologic history of Venus underlines the sequence of important events that must be explained by models of the geodynamic evolution and thermal history of Venus. It also illustrates the distinctive difference between the recent history of Venus and the Earth and will hopefully serve as a basis for the further investigation of the reasons for the differences between two planets that in other ways are so similar.
